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Abstract

A method is presented which extends the technique of using
retertion volume constants for qualitative functional group
identification. The method involves systematic prediction of
column operating temperatures to ensure that the slopes of
log retention volume-carbon number plots on two columns
are equal.

- Introduction ..

GéS—IEquid chromatography has bécome a powerful tool for
the separation of mixtures of volatile compounds: however, its
use has been handicapped by the lack of a positive means of
identification of the separated compounds. Since many differ-
ent components can have the same retention volume, it is
necessary to use auxiliary methods of analysis, such as mass
spectrometry or chemical reagent tests, to permit unambigu-
ous identification of gas chromatographic effluents. An iden-
tification system based solely on gas chromatographic meas-
urements would be of immense practical value. Such a system
was proposed by Merritt and Walsh (1) more than 15 years
ago. Their method employs two columns having different sta-
tionary phases. I the slopes of the log retention volume-car-
bon number plots for any given homologous series are the
same On both stationary phases, then the retention volume of
any compound within the given homologous series on one
column divided by the retention volume of that same com-
pound on the other column is constant. 1f it is alse true that
different chemical families display a retention volume
constant unique to their own functionality, then it is possible
to identify the functional group of a gas chromatographic
peak.

The Merritt-Walsh system of identification by means of
retention volume constants holds great promise for the prac-
ticing chromatographer, but it has not gained widespread
acceptance. The reason for this is that it is difficult to find a
pair of stationary phases which satisfy the two criteria essen-
tial to positive identification. These criteria are: {a) that any
specified homologous series have the same slope of a log reten-
tion volume-carbon number plot on both stationary phases
and (b) that different homologous series display different
retention volume ratios. Of the 28 pairs of columns tested by
Merritt and Walsh (1) only one pair, Carbowax 400 and
Carbowax 20M, was judged 1o give very good functional
group identification for the eight functional groups studied.
This paper discusses a method whereby it is possible to predict
operating conditions such that the first criterion above is more
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often realized. That i is, a method is presemed ihat enab!es iog
retention volume-carbon number plots on drfferent columns
that originally were not parailel to be made paral!el L

Thermodynamlc Backgrou : d

Consider two members of a homo[ogous seriesdt a'specified
temperature~—one containing n; carbon atoms:and. the:other
containing n; carbon atoms. The slope,m; of-the log retenuoﬂ
volume- carbon number plot can'be represemed by i

N In Vg(nj) - In Vg(ni)."
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where V (n ) denotes the value of the specrflc re[enuon vol-
ume of rEe compound containing n; carbon atoms The specif-
1(: relemron volume can be written as {2)

:
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where R is the gas constant, yge is the activity coefficientof the
sclute at infinite dilution in the stationary phase {the standard
state is taken to be pure solute at the same’ temperature and
pressure as that of the solution}, My is the molecular weight of
the solvent (stationary phase), and f3is the fugacity of the pure
solute at the temperaiure and pressure-of the solution. The
fugacity, {3, can be replaced by the pure-solute vapor pressure
at the temperature of interest with fittle error in most cases.

The temperature derivatives. of the activity.coefficient. and
the pure-component fugacity are given by the exact thermo-
dynamic relations (3) and (4). . : :
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where h, is the enthélpy of . e sdl'utg,' h; is the eritha'lp_\" of
pure solute in the ideal-gas .iate, and h$° is the partial molar

enthalpy of the solute at 1nﬁmte dﬂuuon in the szanonar\

phase.
From the above rélations it follows that
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where AH@"re'pres'em's' ihe enthalpy of evaporation of the sol-
ute: from the infinite-dilution solution. Differentiating equa-

from equatlon 5 yields:

AT R nj-n;

terizing stationary phases.. -
The purpose of the present work isnot to emphas:ze dlffer-

predicts that the change in slope of a log retention volurme-car-

bon number plot: with ‘respect: to: inverse temperature. is:

constant, regardless of the chemical familj chosen as solute.

and the stationary phase chosén as solvent. This constant-will '
be universal for all solute solvent systems to the extent that the -

right-hand side of equation 6 is independent ‘of the functional

groups contained in the solute and the solvcnt To this effect

equanon 6 is written as;

ai@/Ty - ‘ : T

‘where k is a constant. If a valiae of k can be found, which is in-
deed constarit irréspective of solute-solvent system, then equa-
tion 7 can be used to predict the change in temperature that is
necessary to yield parallel plots of log retention volume vs.
carbon - number for a homologous series on two different sia-

constants.

Data Reduction .

- McReynolds (6) was used. A computer program was written
. which accepted as input the specific retention volume values of
“+a family of compounds and calculdted the slope and intercept

- of the log retention volume-carbon number plot by the least

“tive’ compounds used in evaluation were: alcohols (€-C,),
_aidehydes (C,-Cy), 2-ketones (C4Cy), formates {C,-Cy), ace-

kanes (C,-Cye). -

tior: > with respect to inverse temperature and subsututmg _
Ldm 1 [AHe(nJ) AHS (nl}] | e

It is reasonable 1o expect that thé addition of “successive ™
-CH,- units to members of a homologous series should pro- -
duce constani increments in AHg. In this case the right-hand
side of equation 6 multiplied by R represents the differential. -
molar enthalpy of evaporation of a methylene group from:
sotution, AHE(CH,). Risby et al. {4,5) have employed equation.
6 to calculate values of AHS(CH,) using data from 7 homolo-’
gous series on 75 liquid phases. They use these values in a
method for predicting specific retention volumes and charac-

ences in solution behavior and generate tables of thermody-'_' :
namic parameters, but rather to exploit the remarkable gener-
ality of equation 6. To 4 first approxxmatlon this equatmn

tionary phases: This should increase the number of column .
pairs that can be employed in the Merriti-Walsh system of -
qualitative identification by means of  retention volume_

- To provide a large, $tatistically significant’ data base, the :
. compilation of gas chromatographic retention data’ by

‘" squares method. Data were obtained in this way for 8 homolo- -
“ gous series on 75 stationary phases. The families and respec-
tates (C;-C;), propionates (C;-Cy), butyrates (C,-C,) and
The relative uncertainty of the E;terature data was at ‘most )

rith unit in-every 100 units, for a percentage precision of
he. percentage premsmn in the slope values was thus no :

‘change in slope varies directly with the change in inverse tem-

carbon nimber plots at different temperatures could be used
to approximate the derivative in equation 7. The mean value
of k was k. = 416, with a standard deviation of 87. The distri-
bution of k values is presented in histogram form in Figure 1.
The k values are based con the use of logarithms of base e
(natural logarithms}.

The value k in this work corresponds to the quantity AH -
(CH,)/R used by Risby et al. (4). Table V of Risby er al. (4)

- lists vahues: of AH%{CH,) for the stationary phases used by

McReynolds (6) and the following families: alkanes, alkanols,
- alkanals, alkanones, formates, acetates, and ethers. Using
" these data yields i(: 417 + 87.

o _ Apphcat:ons _
Merntt etal. (7} and McCarthy etal. (8) found that log re-.

:'3_ tention voliime-carbon n_umb_er plots of a homologous series
on two 'stati'onafy phases that were not parallel when the two.
.- columns were operatec! at the same temperature could be made

parallel by operating one of the columns at a different tem-

\ perature. In particular, M¢Carthy et al. (8) used a Carbowax

4000 columi at 72°C and a UCON polar column at 92°C to
identify banana fruit volatiles: This successful column com-
bination was arrived at through laboratory trial and error.

. Such guesswork can be eliminated by using equation 7. To

demonstrate, Table I lists the values of the slopes of log reten-
tion volume carbon-number plots at 100°C for 5 families on
the two columns, UCON 50 HB-2000 and Carbowax [540.
The data were obtained from McReynolds (6); Carbowax 4000
could not be used since data were not available at 100°C for
comparison with UCON polar. It is evident from Table I that
an average change of 0.085 in the slopes of the lines on the
Carbowax column is necessary to make the respective
homologous series parailel to those on the UCON column.
Thus;.

F

Am. = 0,085 = KA(/T) - 416 (—- —)
SR _ T 373

- which has the-'sol:ution T = 73°C. The slopes of homologous-

series lines on Carbowax 1540 at 73°C were predicted by extra-

.polation of log V; vs. I/T plots, and the results are shown in

Table 11, A difference of Iess than 0.02 units in slope values is
not discernible on semi-logarithmic graph paper and is within

-the accuracy of thetetention values themselves. The log reten-

tion: volume-carbon number plots are now parallel and are
acceptablé for the calculation of retention volume constants

- and the identification of gas chromatographic effluents.

78% of the k values in Figure 1 are in the range of k + (1

‘standard deviation): If the smallest and largest k values in this - -
~range were used in the preceding calculation the predicted tem-
: peratufe--wou!d; have been 67 and 78°C, respectively. Operat-
* ing the Carbovax coluran at any temperature from 70 to 76°C
- ives log retention volume-carbon number plots whose slopes

differ by less than 0.02. Of ¢ourse, the optimum value of & for

- - a given stationary phase, homologous series, and temperature

range could be used for calculation; however, the generality-
and simplicity of thé methiod described above may be lostina -
piethora of emp1r1ca1 constants. '

Conclusnon

Ina sirhpie mahnér, then, it is possabie to predict the chaﬁge
in temperature required to effect a particular change in the
slope of a log. reténtion: volume-carbon number plot. The
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Tabie |. Siopes of Log Retention leume-cérbbn.' Ni.l.r_.nber :
Piots - . Lo

" UCONSD ' ; Cérboﬁax_
. HB2000, 1540, .
Family —100°C. . - 100°C__ Am:

1-alcohols 06887 - 0617 0071
aldehydes - 07000 - 0587 0413
acetates C0.640 . 0.555 0'.085_'_ )
butyrates - 0.580 0504 - 0.076.
2ketomes - 0.645 0.564 0081 .

Table II. Slopes of Log Retention Volume-Carbon "Numbé
Piots. : - R

Family. =~ - Carbowax 1540, 73°C -

1-alcohols : 0T
aldehydes o 0.668
acetates = - s .0.6_36._ _
i)utyrates S 0.5.'92'."

2-ketones 0.647
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